AR ALGEALAMA S RO LTS A .

AD

REFORT NO.__118/86

THE EFFECTS OF WEARING CHEMICAL
FROTECTIVE CLOTHING ON COGNITIVE
PROBLEM SOLVING

U S ARMY RESEARCH INSTITUTE

OF
ENVIRONMENTAL MEDICINE

Natick, Massachusetts

AD-A176 206

OCTOBER 1986

==To

CJANZ 9 1987 D

UNITED STATES ARMY E
MEDICAL RESEARCH & DEVELOPMENT COMMAND

LY R



LR ALSARMUA I A A M AL I AR At Aaut i vate ‘M a7 od . ‘M. tud Sed AT TV W U T RO T T S Y TR T RT AT A

[l TR N P RV ]

The findings in this report ave nct to be construed as an official
Departmenit of the Army position, unless so designated by other authorized
documents.

DISPOSITION INSTRUCTTIONS

Destroy this report wvhen no longer needed.

Do not return to the originator.

AR P R
“

LRt AT R L L R e S
Tl VSISV W Yy W . P YU R




ARRALIMMCRN ol 2o A Ml AN A A o Ta b e oo et i A S oA ST IR IR L B AR g R R T

BRI o AD- AN 20§

- Form Approved
REPORT DOCUMENTATION PAGE OMB No 0704-0188
tip Date Jun 30, 1986
I SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

ggified
ATY CLASSIFICATION AUTHORITY

3 DISTRIBUTION/AVAILABILITY OF REPORT
Approved for public release; distribation
LASSIFICATION/ DOWNGRADING SCHEDULE ig unlimited.

FORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

3/86

dAME OF PERFORMING ORGANIZATION 6t:. OFFICE _SYMBOL 72. NAME OF MONITORING ORGANIZATION
5 Army Research Institute of (If applicable) US Army Medical Research & Development

avironmental Medicine SGRD-UE-HP Command
ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
Natick, MA 01760-5007 Ft. Detrick, Frederick, MD 21701-5012

B 82. NAME OF FUNDING / SPONSORING 8b. OFF'CE SYMBOUL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION (If applicable)

10. SOURCE OF FUNDING NUMBERS

RN S, AODRESS (City, State, and ZIP Code)

PROCRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO NO ACCESSION NO
6.3A Hae3764 1 ar DA 305220

- TITLL (Include Security Classification)
The Effects of Wearing Chemical Protective Clothing on Cognitive Probiem Solving

12 PERSONAL AUTHOPR(5)
T. Michael Rauch, Calvin Witt and Louis Banderet

13a TYPE OF REPORT 13b. TIME COVERED 14 DATE OF REPORT (‘ear, Month, Day) |15. PAGE COUNT
Technical Report FROM TO October 1986 25
16. SUPPLEMENTARY NOTATION
17 CGSATI CODES 18. SUBJECT TERMS (Continua on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP N Sustained Uperations, Chemical y@otective Jlothing,

Cognitive/ﬂerformance, MOPP #ear, Circadian ﬁhythms.ﬁgr__—

\TVﬁ -t fn.xf“‘"'
(\f{’rf\vc lntfuv(::}

19. ABSTRACT (Continue on reverse if necessary and identify by block number) (
»The present study invesiigated the cffects of wearing various MOPP levels on three

cognitive probtem solving tasks cver 24 hours of testing. The results show that wearing
MOPP level 4 significantly impairs cognitive problem solving compared to MOPP 2 and a
NO-MOPP contrel. The impairment attributed to the MOPP 4 corldition was principally in

the rate ¢f task completion in contrast to tack accuracy. Th rate of task completion also
varied significantly as a function of both temporal and nontewporal factors. KfH(u‘y{Qf

| 20 LISTRIBUTION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
BN O unceassirieounomiten O3 sami as RPT ) o1ic USERS Unelassified
B 222 NAME OF RESPONSIBLE In"VIDUAL 22b TELEPHONE (Include Arca Code) | 22¢ OFFICE SYMBOL

B TERRY M. RAUCH, Ph.D., MAJ, MS 651 -4855 ‘ SGRD-UIE~HP

RDO FORM 1473, 8aMaR 83 APR edition may be used until exkausted SECURITY CLASSIFICATION OF 118 PaG

Aliother editions are Dbsolete - - cer h
UNCLASSTEFIED
. . - - - “’. _.. .. \-~ ‘.’. _“. ., % . ‘v w_- ‘q h-‘ - - -7
e - .I:'J' ST PR ‘_\.\ - ‘._:'.._

e e e e e e e e e e e e e e e e e N AN T SN P e
e T e N AT T Ty T L e e T Al a e ) at o e N e \.ﬁl_‘: n_‘h.‘.n._} \_5-




The views, opinions and/or findirgs contained in this report are those of
the authors and should not be construed as an official Department of the Army
position, policy or decision, unless so designated by other official
documentation. Human subjects participated in these studies after fiving their
free and informed voluntary consent. Investigators adhered to AR 70-25 and
USAMKDC Regulation 70-25 on Use of Volunteers in Research.

Accession Yor

NTIS  GRA&I —m_"r
DTIC TAB :
O

Unannounced
Justification.

. S

By
Distribut ion/

e
Availsbility Codes
" Tavail and/or
Dist Special

A-l

s o

ALITY
SPECTED

- NS, ‘: o .r“.-‘, \.o. e e




R AR At i AT M TL MM R A AR ANMSLAE SUATR A A AR IO R TR Rak Rub

......

Approved for public release
Distribution unlimited

AD

TECHNICAL REPORT

ND. T18/86

THE EFFECTS OF WEARING CHEMICAL PROTECTIVE CLOTHING
ON COGNITIVE PROBLEM SOLVING

T. Michael Rauch, Calvin Witt
and Louis E. Banderet

Heaith and Performance Division
US Army Research Institute of Environmental Medicine
Natick, MA 01760
and
Richard Tauson anc Michael Golden

US Army Human Engirieering Laboratory
Aberdeen Proving firound, MD 21005

Health and Performance Division

US Army Research Institute of Environmental Medicine
Natick, MA 01760




A RANAOMARIN G ATE R 04 SN o8 JUL T JRV R Tt et R

TABLE OF CONTENTS

Page

List of Figures iv
List of Tables v
Abstract vi
Introduction 1
Method 2
Subjects 2
Cognitive Tests 2
Apparatus and Equipment 4
Design and Procedure 4
Results 5
Discussion 6
References 8

iii

B v LW e o ~ - RTINSO TR
LA B MM L NN ~ «‘fn.’{nﬂd}\'\'(sf_-f\" \;ﬁ.j_,‘;'»(_\j\ihdl’-:, "-." Tt ARSI LN EN




ok i AR A S LA R S AR R G L WA AR AR S RD AL IR B IS
a0 Vel i AN PR S L A Rt VR e YAt avYlRa Nt .“\*,in'} I B R ST

LIST OF FIGURES

Page

Figure 1 Cognitive Tests 3
Figure 2 Percent of Math Computation Completed

by MOPP Level by Time of Day 13
Figure 3 Percent of Pattern Recognition Completed

by MOPP Leve! by Time of Day 14
Figure 4 Percent of Number Comparison Completed

by MOPP Level by Time of Day 15
Figure 5 Core Body Temperature by MOPP Level

by Time of Day 16

iv

i A e S B PN
TN NN -&}‘.ﬁs‘:&.,‘:g{r_' PR PTRRYS W




Coviab o e 0 ek o i e ) AL LR HA LD I bl i Uag It ST H A RARRUR N Sl L A et e A AL

IR <
3
I

LIST OF TABLES

N ‘va N :.

Table 1 Cognitive Performance Problems Completed
by MOPP Level by Time of Day 10

PR S L L

. Table 2 Cognitive Performance Problems in Error
by MOPP Level by Time of Day 11

. Wl TN

4" o0 g%

Table 3 Core Body Temperature and Crew Compartment
Temperature by MOPP Level by Time of Day 12

s
A




- i gk ik o et e i R St et b L Al ettt A RS AN i it S SBab BVl § e Bt S Sel et S et S A S PR

1,:'

5

I ABSTRACT

o

E

W&

e

"y

:‘. The present study investigated the effects of wearing various MOPP levels on
‘-(', three cognitive problem solving tasks over 24 hours of testing. The results show
that wearing MOPP level 4 significantly impairs cognitive problem solving

compared to MOPP 2 and a NO-MOPP control. The impairment attributed to

o~ the MOPP 4 condition was observed in the rate of task completion in contrast to
! task accuracy. The rate of task completion also varied significantly as a function
of both temporal and nontemporal factors.
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> INTRODUCTION

; Chemical proteciive (CP) clothing is designed as a means of defending

X against chemical hazards. U.S. Army personnel employ four Mission Oriented

B Protective Postures (MOPP) to achieve an appropriate level of individual protection
;: from chemical agents on the battlefield (16). The MOPP system is characterized
e by four separate levels of protection which progressively achieve total encapsulation
in MOPP level 4. Although MOPP piovides varying degrees of physical

> . protection, the relative impermeability of CP clothing may coinpromise thermal
3y regulation, comfort, work efficiency and vnsychological functicns. Most work to date
P on CP clothing has focused on physiological responses to theruual stress, while little
K research has addressed psychological (cognitive) variables affected by MOPP.

Previous studies have determir~d that wearing CP clothing in warm-hot
environments impedes evaporative cooling and results in tiermal strain and a

diminished physical work capacity (5,6,7,8,10,13). In addition, it is well accepted
that auxillary cooling methods are effective in heat removal while wearing MOPP 4
. :

.- (18,19).

,' Few studies have adequately addressed the influence of MOPP on cognitive,
'-‘ perceptual and psychomotor performance. Fine and Kobrick (3) investigated the
effects of wearing MOPP 4 in hot (91F., 61%RH) and normal (55F., 35%RH)

conditions compared to a NO MOPP control (70F., 35%RH) over eight hours
duration on sustained, sedentary military task performance. Their resuits showed
that performance on cognitively based military tasks began to markedly degrade
after four to five hours of exposure to the hot condition in MOPP 4. The MOPP
4 system by itself, however, (MOPP 4 at 55F., 35%RH) appeared to cause a
decrement in performance at certain points in time, although, this effect was not
consistently statiscically significant. A serious limitation to detecting visual signals
while wearing the MOPP 4 systemn was reported by Kobrick and Sleeper (12).
This degradation in functional vision occurred early and remained throughout eight
hours of testing. Johnson et al. (9) investigated the impact of wearing the CP
: mask and hood with rubber gloves on the soldier’s ability to perform one-handed
» and two-handed tasks of manual dexterity. The results indicated that compared to
.8 bare handed conditions, manual dexterity was substantially poorer with the gloved
) hand. Moreover, the performance was unaffected by whether the soldier was
; wearing the mask with hood. A similiar study investi_ated the effects of wearing
various combinations of the mask with hood and gloves on math computation
using paper and pencil (17). The results coorborate the findings of Johnson et al
(9), indicating that the pcorest performance was observed in the gloved only and
mask/glove conditions compared to no gloves/no mask and mask only conditions.
Furthermore, the principal decrement was in the number of problems completed
N (i.e., speced) in contrast to the accuracy of answers. Although these studies
: impressively demonstrated specific MOPP related performance degradations occuring
as a function of short term exposure, little systematic investigation has been
directed toward the continued wear of MOPP beyond eight to tea hours.  Current
Armny guidance suggests that MOPP gear may be worn for periods of 20 to 24
. hours. A study on the effects of nrolonged wear of MOPP levels and subsequent
E- mfluences on cognitive performance is therefore indicated.
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Numerous s:udies have investigated nontemporal factors and circadian
influences on performance over 24 hours. It is well accepted that body
temperature varies rhythmically over the day, with a difference of about 0.5C
between peak and trough values. The minimum value occurs around 0400 hours
and rises to peak around 2000 hours (2). Kleitman (11) and Colquhoun ’2) have
emphasized the strong paralleliszn between the circadian rhythms of temperature
and performance. Performance on some tasks show a steep rise from early to
mid-morning, a gradual rise to an evening peak, followed by a sharp decline into
the sleeping hours. Monk (15) reported that tasks in which such a pattern is
evident are visual scanning tasks in which the subject is working through visual
material, finding and indicating targets. Omn the other hand, more complex tasks,
involving high memory load, show a different time of day effect. Performance on
an immediate memory task shows a decline over the waking day, with a trough in
the early evening (4. Hence, previous tudies of circadian rhythms in performance
have demonstrated that there is no single circadian rhythm in performance
efficiency. To some extent, the variation in performance measures would appear to
be dependent on the inherent nature of the information processing demands of the
specific task. Clearly there exists a need to systematically study nontemporal
factors and the circadian variation of performarce in specific types of cognitive
tasks.

The purpose of the present study was to investigate the effects of wearing
various MOPP levels on solving cognitive problems with paper and pencil over a
24 hour continuous operation. Inherent in performance over prolonged periods of
time is the sensitivity of various types of coguitive tasks to time of day effects.
Consequently, an additional purpese of this study was to determine the sensitivity
of different cognitive tasks to time of day effects and potential interactions with
MOPP levels.

METHOD

Subjects

Thie subjects consisted of nine male volunteers currently on active duty in
the US Army. All subjects were medically screened prior to participation in the
study, had normal visual acuity (20/20 Snellen), and were instructed to read and
sign a volunteer agreement of informed consent. Subject ages ranged from 18 to
30 years.

Cognitive Tests

Three paper and pencil tests of cognitive performance were administered at
scheduled times throughout each 24 hour period of testing. Math Computation
(MA), Pattern Reccgnition {PR), and Number Comparison (NC) tests were
administered on the average at 0900 hours (1st), 1300 hours (2nd), 1700 hours
(3rd), 2200 hours (4th), 0030 hours (5th), 0500 hours (6th), and 0730 hours (7th)
The three cognitive tests were adapted from the Performance Evaluation
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Tests for Environmental Rescarch (PETER). MA required the addition of three 2-
digit numbers arrayed vertically, is a measure of number facility, and a common
attribute in many military tasks. PR required the recognition of a pattern
(histogram) from among other histogram patterns and is similiar to a task of
discriminating targets. A problem consisted of a sample pattern, followed by eight
patterns one of which matches the sample for a correct respouse. NC problems
required comparing two horizontally arranged 3-9 digit numbers, similiar to map
grid coordinates, and selecting whether they are ”same” or ”different”. Both PR
and NC are measures of perceptual speed. All tests had alternate ‘orms and a
sufficient number of problems to preclude anyone from completing the test during
a three minute test administration. Figure 1 shows a sample of problems from

each test.

Figure 1. Cognitive Tests

ADDITION

71 20 27 53 20
19 51 83 33 35

/6 40 47 67 11

FPATTERN RECOGNITION

b bbdbadd
d dbdid ddbd

NUMBER COMPARISON
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9/6  9/6

0623385 0623325
239055610 233055610
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Apparatus and Equipment

The present investigation was part of a larger collaborative study with the
Human Engineering Laboratory and Natick Research and Development Center.
The overall purpose of the study was to operationally test a generic command post
vehicle with associated developmental chemical protective clothing and life support
equipment. The prototype items were developed by the Individual Protection
Laboratory, and Food Engineering Laboratory, Natick Research and Development
Center, and included the overgarment, gloves, boots, M25 Al mask modified with
food and drinking ports, an air-cooled vest, food and fluids. The command post
vehicle was configured to support the operation of an artillery Fire Support Team
(FIST).

Design and Procedure

Nine subjects were randomly assigned to three crews. Each crew (N = 3)
participated in three, 24-hour periods of FIST operation in the command post
vehicle. Each 24-hour period was conducted in one of three MOPP conditions;
NO-MOPP (i.e., Battle Dress Uniform), MOPP 2 (overgarment worn unbuttoned
and overboots), and MOPP 4 (overgarment worn buttoned, overboots, gloves, and
mask worn). The MOPP 4 condition included a mask with a ventilated face
picce, and ecating and drinking ports in addition to an air-cooled vest. The
MOPPY 2 condition consisted of the same chemical protective ensemble except the
vehicle supplied filtered, overpressured air to the crew compartment. The NO-
MOPP condition was conducted with the vehicle supplying filtered, overpressured
air to the crew compartment. All three crews were trained on the cognitive tests
for ore weck prior to the start of the study with 12 trials occurring in the vehicle
during MOPP 4, MOPP 2, and NO-MOPP conditions. The order of MOPP
conditions was randomized. In each condition the crew performed FIST operations
to include processing digital fire missions, entry and exit of the vehicle, light
maintenance tasks, and cognitive testing at the scheduled times. Each cognitive
test was administered for three minutes prior to which subjects were instructed to
"work as quickly and as accurately as possible.” The crews received three meals
per 24 hour period. Consumption of food and fluids while wearing the mask
during the MOPP 4 condition was achieved by the use of tube food units. The
total calories per day per man for each MCPP level was similiar (NO MOPP =
2600 calories/man; MOPP 2 = 2900 calories/man; and MOPP 4 = 2850
caloricsjman). Each crew adjusted the temperature of the overpressured air in the
crew compartment to a perceived level of thermal comfort in the NO-MOPP and
MOPP 2 conditions while the MOPP 4 condition utilized air-cooled vests. The
crew compartment temperature was always maintained < 75 degrees F as measured
by a Brantiff thermometer in the vehicle. All subjects were monitored for core
body temperature by wearing a rectal probe thermistor.
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Cognitive test scores were analyzed to reflect the percent of problems
completed based on a three minute test administration and a total of 150 problems
L (i.e., speed of cognitive problem solving) and the percent of problems wrong (i.e.,
accuracy, computed from the number of problems wrong/number of problems
completed). The means and standard deviations of the percent of problems
completed and the percent of problems wrong for each of the three cognitive tasks
by MOPP level and time of day are presented in Tables 1 and 2 respectively.

< Mean values for core body temperature and dry bulb crew compartment
y temperature by MOPP level and time of day are depicted in Table 3. A 3 X 7
F- repeated measures analysis of variance (within factors were MOPP level and time
i of day) on the percent of problems completed and the percent of problems wrong
revealed a significant main effect of the MOPP condition for %¥MA compleled, F
(2,16) = 6.22, p < .01, %PR completed, F (2,16) = 10.82, p < .001 and %NC
‘ completed F (2,16) = 9.12, p <« .602. It should be noted that no significant
N differences in core body temperature existed among MOPP levels presumably due
N to the use of cooling vests during MOPP 4 and the ability of crewmen to adjust
.. compartment cooling in the NO-MOPP and MOPP 2 conditions. As expected,
A there were significant differences in the self-adjusted crew compartment
temperatures among MOPP levels, F (2,16) = 22.23, p < .001.
. A significant main effect was found for time of day on %MA completed, F
B (6,48) = 7.08, p < .001, %PR completed, F (6,48) = 6.19, p < .001, BNC
3 completed, I' (6,48) = 4.59, p < .001, core bhody temperature, F (6,48) = 40.42, p
- < .001 and crew compartment temperature, F (6,48) = 6.02, p < .01. There

was a significani interaction effect for crew compartment temperature by MOPP
level by time of day, F (12,96) = 7.49, p < .001. The least variation in self-
adjusted crew compartment temperature was seen in the MOFP 4 condition over
24 hours. On the other hand, large differences in crew compartinent temperature
occurred for both the NO-MOPP and MOPP 2 conditions with the lowest
compartment temperatures recorded after 2200 hours.
-4 A Scheffe test (p < .05) was performed for posteriori contrasts on all significant
main effects which did not have a significant interaction. The results showed that
MOPP 4 performance was significantly degraded for %MA, %NC and %PR
problems completed when contrasted with NO MOPP and MOPP 2 performance.
There were no significant differences between the MOPP 2 and NO MOPP groups
on the percent of cognitive problems completed.

Figures 2-4 depict the mean percent of problems completed on each of the
three cognitive tasks as a function of time of day and MOPP level. Clearly, the
MOPP 4 condition shows the most profound decrement while time of day effects
were significant for %YMA, %PR and %NC problems completed. Figure 5 shows
core body temperature changes as a function of MOPP level and time of day.
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DISCUSSION

The results of the present study show that MOPP 4 significantly degrades
cognitive problem solving compared to MOPP 2 and NO-MOPP conditions. Since
there was no significant variation in core body temperature among MOPP levels,
fundamental differences may be attributed to the human factor encumbrances (i.e.,
limitations of mobility and sensory-perceptual capabilities) of MOPP items and not
confounded by thermal stress. It is worthy of note that the primary effect of
MOPP 4 on cognitive problem solving is in the speed or rate of task completion.
The slower rate of cognitive problem solving in the MOPP 4 group is presumably
associated with wearing the CP mask and gloves. In MOPP 4, wearing both the
CP mask and gloves suggests that performance could be impaired by input (i.e.,
visual distortions) and/or output (i.e., manual dexterity) factors. In a recent
study, Johnson et al. (9) found that compared to bare handed conditions, fine
finger manual dexterity was substantially poorer in a group wearing the CP glove.
Moreover, the performance between bare handed and gloved conditions remained
the same regardless of wearing the CP mask with hood. Rauch (17) reported that
wearing CP gloves only o1 wearing both the mask and gloves significantly
influenced cognitive problem solving (math computation with paper and pencil)
compared to no mask/no gloves and no gloves/mask conditions. Wearing the
mask only did not produce significant performance decrements. Furthermore, the
performance decrement was observed in the speed of math problem compietion and
apparently due to the greater amount of time required to write three digit answers
using paper and pencil while wearing the gloves. Therefore the rate of performing
math computation, using paper and pencil, was most sensitive to the encumbrance
of wearing gloves and writing 3 digit sums. It is problematic to generalize the
glove effect to NC and PR completion rates since both require less time and less
manual dexterity in writing the answers; single letters indicating same "S”, or
different "D” for each NC problem and an ”X” for each PR problem.

Cognitive problem solving varied over the 24 hour period of testing.
Differences among the time of day performances revealed significant impairment on
the rate of task completion in contrast to accuracy for MA, NC and PR tasks.
These findings suppori previous research indicating that speed and accuracy are
often differentially affected (1,2). Since the three cognitive tasks were self-paced, it
is not unreasonable to conclude that subjects engaged in a typical cognitive
strategy of compromising speed to maintain accuracy over time. The slowest rate
of performance was found at 0500 hours compared to other times over the 24 hour
period. This study also represents the first effort to show the temporal sensitivity
of MA, PR and NC sub-tests of the PETER battery.

The variability in cognitive rates of performance among MOPP levels and
time of day may be a function of the type of visual! information presented. With
NC tasks very littie information is presented and abstracted from a single eyc
fixation compared to pattern contours in PR and vertical addition in MA.
Differences in the visual display of stimulus information could explain the greater
number of problems completed for NC tasks since presumably less tire is spent on
cach problem compared to MA and PR. The smaller amount of information
present inn NC tasks requires less processing time, and therefore more problems are
completed.
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Core body temperatures varied in accord with the typica! circadian rhythm,
demonstrating a low at 0500 hours and a high in the late afternoon at 1700
hours. The elevated core temperatures noted at 0900 hours, near the start of the
test for each conditicn, is believed to be a function of the increased astivity and
arousal of starting the experiment. The circadian variation of core temperature
appears not to have been differentially affected by any of the MOPP levels.
Clearly, the present findings show the slowest performance on all three cognitive
tasks occurred between 0030 and 0500 hours 'which also corresponds to the lowest
core body temperature.

The rate of cognitive problem solvirg was probably also influenced by
nontemporal factcrs. Performance trends for all three tasks show two production
curve characteristics; namely: (1) an end-spurt effect and (2) fatigue effects (14).
The lack of a warm-up effect may have been obscured by heightened arousal at
the start of the study.

The results of the present study have serious implications regarding military
performance while wearing MOPP gear. Threat doctrine will employ persistent
agents in rear areas to disrupt combat service support. The speed of performing
tasks of short duration (i.e., 3 minutes) which require manual dexterity can expect
to be severly degraded while wearing the NBC gloves. Hence, many of the routine
tasks of a maintenance battalion, supply and transport battalion, or division
material management center may require a significantly longer time to complete
accurately while wearing the CP mask and gloves. Future MOPP research should
investigate tasks of longer duration (i.e., 30. 45, and 60 minute tasks) relative to
the speed and accuracy of completion.
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